The discussion of mixed-valence (MV) or intervalence (IT) transition-metal complexes has been largely restricted to systems containing a reducing and an oxidizing metal center." If the metal-metal interaction is weak, definite oxidation states can be assigned to the metals and charge-transfer (CT) or IT electronic transitions from the reduced to the oxidized metal occur at relatively low energies. Mononuclear metal complexes in which a ligand occurs in different oxidation states (L,ML,,) are also MV compound^.^.^ However, in the electronic spectra of complexes containing catecholate and o-semiquinone as MV ligands, IT absorptions were not detectedS6 MV ligands seem also to be present in the 1,2-dithiolene complexes of Ni(II), Pd(II), and Pt(II)7 (A). The
(in DZh symmetry) transition becomes now a C T or IT transition from the reducing 1,2-ethylenedithiolate to the oxidizing 1,2-diimine ligand.12,13 The present investigation was undertaken to gain more insight into the electronic structure of these ligand-based MV complexes with particular reference to the influence of the metal.
Results and Discussion
Synthesis. Six complexes of the type M( 1,2-diimine)-(ethylene-1,2-dithiolate) (111) were prepared with nickel, Na2MNT or H2TT the desired complexes were obtained (eq 2). A different route was employed for the synthesis of the
platinum complexes. In solution it was apparently not possible to achieve a coordination of BABA to platinum. However, finely ground Na2PtC1, reacted in a melt of BABA at 170 OC.
The stoichiometry of the Pt(BABA) complex formed in this reaction was not established. In analogy to other diimine (bipyridyl and o-phenanthroline) complexes of platinum, Pt-(BABA)CI2 was most likely formed. An isolation of this compound was not required. The crude product reacted with Na2MNT or H2TT (see eq 2) to yield Pt(BABA)(MNT) and Pt(BABA)(TT). All six complexes crystallize as dark blue to deep purple'solids. Electrochemistry. Cyclic voltammetric data are presented in Table I and Figure 1 . All six complexes undergo a types. Second-reduction waves are also observed, which are chemically reversible but non-Nemstian. Again, the potentials are slightly more negative in the T T series.
In the oxidation of the complexes, reversible one-electron waves are found only for the Pt complexes (detailed information in Figure 1 and the footnotes of Table I ). Increasing chemical irreversibility is observed on going from Pt to Ni, ultimately giving rise to overall two-electron oxidation waves. This phenomenon is usually associated with coupled electron transfer and chemical steps (e.g. ECE mechanism). In this view, the remarkably facile oxidation of the Ni complexes may be explained by a negative shift from E, ' caused by rapid homogeneous follow-up kinetics.14 Thus, the reversible oxidation potentials of the two Pt complexes (+1.2 for MNT and +0.64 for TT) may be taken as representative for the thermodynamic oxidation potential. A comparison between the two series of complexes clearly shows that the redox potentials are governed by the ligands and not by the metal in each series.
The potentials of the first reduction and oxidation of these complexes may be related to the nature of the orbitals involved in these redox processes. In the case of the symmetric complexes (A), it is generally accepted that the ligand-localized 3bzg orbital is the LUMO.*-'O A corresponding assignment was made for some Ni(diimine)(dithiolate) complexes (B), where the 3bz orbital (in C2, symmetry) is essentially a a* orbital of the &imine.12 Our results confirm this assignment.
The cyclic voltammetry data (Table I) show that the first reduction of all six complexes, leading to the occupation of the LUMO by one electron, occurs at comparable potentials (-4.9 V). This is expected since all complexes contain the same diimine (BABA) as a common electron acceptor. The small variation of the reduction potential may reflect a small but variable amount of d-orbital character of the 3bzg orbital.
There is, however, disagreement about the nature of the HOMO. In the case of the symmetric Ni complexes (A), it was suggested that the HOMO is the dithiolate-localized 2blu10 or a metal-centered d
In the mixed-ligand complexes (B) of nickel, it was assumed that a d orbital is the HOM0.12 Our results suggest that for the complexes of the present study the HOMO is the dithiolate-based 2bl, orbital.Is The oxidation potential of these complexes shows a rather small variation with the metal. However, the oxidation potential depends very much on the nature of the dithiolate ligand. that are about 0.65 V lower than those of the corresponding MNT2-compounds. This observation is not surprising since the electron-withdrawing nitrile substituents of MNT2-stabilize the reduced ethylene-1,2-dithiolate form to a greater extent. Ni(BABA)(MNT) is the only complex that shows a deviation since it is oxidized at a lower potential (0.8 V) than the corresponding Pd and Pt complexes (-1.20 V). As explained above, this deviation may not be caused by any differences in the electronic structure. As an alternative, however, it cannot be excluded presently that the HOMO of Ni-(BABA)(MNT) is rather a d orbital. Electronic Spectra. The unique feature of the electronic spectra of all six complexes is an intense broad absorption band in the visible region (Figure 2 , Table 11 ). All complexes show a very strong negative solvatochromism. Dependent on the solvent polarity, the colors vary between red (polar) and blue (less polar) due to a shift of the visible absorption band ( Table   11 ).
The band in the visible, which is the longest wavelength absorption of all complexes, is assigned to the 2bl, -3b2, CT or IT transition from the reducing dithiolate to the oxidizing diimine ligand.12J3 This band occurs also as intraligand transition in the symmetric complexes (A) .8-10, 16 The spectra complexes M(BABA)(TT) appears at longer wavelengths than those of the compounds M(BABA)(MNT) since the 2bl, orbital is stabilized more by MNT2-than by the TT2-ligand. These considerations show that the spectral data lead to the same conclusions as the results of the electrochemical measurements. It follows that the same orbitals, 2bl, as HOMO and 3b2, as LUMO, are involved in the redox processes as well as in the lowest energy optical transitions of these mixed-ligand complexes, with the possible exception of Ni(BABA)(MNT) (see above) .
The strong negative solvatochromism of Ni(diimine)(dithiolate) compounds was already discussed by Miller and Dance.I2 Irrespective of the metal, all six complexes show roughly the same solvent dependence (Table 11 ). The blue shift of the IT band with increasing solvent polarity suggests that the ground state is rather polar and stabilized by polar solvents. In the excited IT state, the dipole moment is apparently reduced. Consequently, polar solvents do not stabilize the excited state to the same extent. Other Absorption Bands. While in the context of the present investigation, a discussion of absorption bands at higher energies is omitted as the nature of the long-wavelength band of M(diimine)(dithiolate) compounds requires some further comments. In most cases this band either is quite unsymmetric or shows a distinct shoulder (Figure 2 , Table 11 ). It seems to be composed of two bands. While the arguments presented above support the 2bl, -3b2, I T assignment for the longer wavelength component, the feature at higher energies may be of a different origin. Since it shows approximately the same solvent dependence as the lower energy band, it is certainly also of the CT type. We suggest that it is assigned to a CT transition from the lone pairs at the sulfur atoms of the dithiolate to the a* orbital (3b2,) of the diimine ligand. This assumption is supported by a recent observation that the complex (biacetyl bis(mercaptoethylimine))nickel(II) exhibits also a strong negative solvatochromism, which is caused by the solvent-dependent shift of the visible absorption band.Ig In this case the tetradentate ligand coordinates to nickel via a 1,2-diimine unit and two sulfur atoms, which, however, are not part of an ethylene-l,2-dithiolate structure. The low-energy absorption of this complex was assigned to the sulfurto-diimine CT transition. In the spectra of the symmetric nickel complexes (A), such a sulfur-to-2b2, absorption occurs at slightly higher energies than the 2bl, -+ 3b2, banda8-10 In the symmetric compounds these transitions are, of course, not of the CT type.
Experimental Section
All reagents and solvents were purchased from commercial sources and used as received, unless noted otherwise. Biacetyl bis (ani1) (Na2MNT)22 were prepared by published procedures. Toluene-3,4-dithiol (H2TT) was obtained from Eastman Organic Chemicals. The complexes Ni( BABA)2C12,2'*23 Ni(BABA)(MNT),I2 and Pd(benzonitrile)2C1224 were synthesized by literature methods. Electronic absorption spectra were recorded on a Varian Techtron Super Scan 3 recording spectrophotometer. For spectroscopy, solvents were spectrograde. Cyclic voltammetry experiments were performed on a Princeton Applied Research (PAR) Model 170 electroanalytical system using a three-electrode configuration and a conventional two-compartment cell. A platinum-disk working electrode and a SCE reference electrode were employed with use of a salt bridge. The measurements were carried out in CH3CN as solvent, which was vacuum-line distilled from P4Olo and degassed by several freeze-thaw cycles. The supporting electrolyte was (n-Bu4N)C104.
Pd(BABA)(MNT).
To a solution of 0.95 g of Pd(ben~onitri1e)~Cl~ in 100 mL of CH2CI2 was added a solution of 0.6 g of BABA in 100 mL of CH2C12. The resulting solution was boiled for a few seconds. After addition of 0.45 g of Na2MNT, the mixture was heated under reflux for 2 h. The hot mixture was filtered and concentrated by evaporation to 50 mL. Upon addition of 200 mL of ether, a dark red precipitate formed. It was collected by filtration, washed with ether, and dried under vacuum. For further purification this material was dissolved in 100 mL of hot acetone and filtered. The deep purple solution was concentrated to 40 mL. To the hot solution of acetone was slowly added 150 mL of warm ether. After refrigeration for 12 h, the dark blue crystals obtained were collected by filtration and dried under vacuum; yield 0.1 1 g (-12%). Anal. Calcd for C&I16N4PdS2: C, 49.74; H, 3.34; N, 11.60. Found: C, 49.65; H, 3.46; N, 11.65 .
Pt(BABA)(MNT).
A mixture of 1.5 g of Na2PtC14 and 1.5 g of BABA was finely ground in a mortar. In a test tube this mixture was heated on an oil bath at 170 OC for 20 min. The reaction product was cooled and suspended in 80 mL of CH2C12. After addition of 1 g of Na2MNT, the suspension was stirred for 4 h. The solution tumed dark blue. After filtration the yellow-brown residue was washed three times with 10 mL of CH2CI2. Upon addition of 500 mL of hexane to the combined filtrates, a deep purple precipitate formed. It was collected by filtration and purified twice by dissolution in CH2C12 and chromatography on A120,. The eluted dark blue solution was concentrated by evaporation to 10 mL. After the solution was allowed to stand at 0 OC for 1 h, the red-violet crystals were filtered and dried under vacuum; yield 0.09 g (-5%). Anal. Calcd for C2JII6N4PtS2: C, 42.03; H, 2.82; N, 9.80. Found C, 41.96; H, 2.76; N, 9.78.
To a solution of 0.6 g of Ni-
(BABA)2C12 in 50 mL of ethanol was added 0.16 g of H2TT with stirring. A dark blue precipitate was formed. It was collected by filtration and dried under vacuum. The crude product was purified by dissolution in 50 mL of CH2C12 and reprecipitation upon addition of 250 mL of ether. The dark violet crystals were collected by filtration, washed with ether, and dried under vacuum. The product was obtained as dichloromethane solvate; yield 0.22 g (-49%). Anal. Calcd for C23H22NiN2S2 (+0.3CH2C1)2: C, 58.95; H, 4.79; N, 5.90. Found: C, 59.06; H, 4.61 ; N, 5.67.
Pd(BABA)(TT).
A solution of 0.19 g of Pd(ben~onitri1e)~Cl~ in 80 mL of CH2Clz was added to a solution of 0.12 g of BABA in 30 mL of CH2C12 with stirring. Upon addition of 0.08 g of H2TT, the solution turned dark green. It was immediately chromatographed twice on A1203. Deep purple crystals were obtained by slow evaporation of the solvent; yield 0.03 g (-11%). Calcd for C23H22N2PdS2: C, 55.58; H, 4.40; N, 5.63. Found: C, 55.49; H, 4.37; N, 5.63 .
Pt(BABA)(TT).
A mixture of 1.14 g of Na2PtCI4 and 1.14 g of BABA was finely ground and then heated in a test tube on an oil bath at 170 "C for 20 min. The reaction product was cooled and added to a solution of 0.66 g of H2TT in 100 mL of CH2Cl2. This mixture was stirred for 4 h. After filtration, the residue was washed three times with 10 mL of CH2C12. The combined filtrates were chromatographed on A1203 with CH2C12. The eluted solution was concentrated by evaporation to 40 mL. After addition of 300 mL of ether and evaporation to 200 mL, the solution was filtered. The filtrate
Ni(BABA)(TT).0.3CH2CIp
Anal. All other chemicals were of reagent grade and were obtained from Aldrich Chemical Co. All manipulations were carried out under an argon atmosphere at room temperature. In a typical reaction, 100 mg (0.34 mmol) of [ R U ( N H~)~C~] C~~ was suspended in 5.0 mL of distilled deionized water, and the resultant mixture was degassed by bubbling Ar through the solution via a syringe needle for 15 min. The Ru3+ solution was converted to R U ( N H~)~H~O~+ (~~) by base hydrolysis followed by reduction over Zn amalgam for 45 min.* The Zn amalgam was then removed by filtration because alkylzinc reagents in tetrahydrofuran have been reported to catalyze the room-temperature conversion of benzaldehyde Oethyloxime to the corresponding nitrile over the course of more than 15 h.68 A 4-10 molar excess of 0-alkyl aldoxime was added to the stirred R U ( N H~)~H~O~+ solution under Ar. The reaction was allowed to continue for approximately 30 min or until an aliquot of the reaction mixture showed no further changes in the UV-visible region of the electronic spectrum. The reaction mixture was then fdtered onto solid -F6, whereupon a yellow solid precipitated immediately. The solid was isolated by filtration; the reaction filtrate was treated separately as described below. The solid product was washed successively with ethanol and diethyl ether and was dried in vacuum at room temperature over P205 overnight. The amounts of ruthenium products isolated ranged from 65-8095 of the theoretical yields. Alcohols were detected in the reaction filtrate by both gas chromatography and 'H NMR. GC samples were obtained directly from the reaction solutions, after precipitation of the Ru(I1) compounds with KPF6, followed by filtration. No alcohol was detected when only Oalkyl aldoxime samples were injected into the GC. 'H NMR samples were prepared by extraction of the reaction filtrate with CD2ClZ. Solid products were characterized by infrared absorption spectroscopy (Beckman 4210) and UV-visible absorption spectroscopy (Cary 210 or 219). Gas chromatograms were obtained on a Varian Series 1400 GC (thermal conductivity detector, Poropak Q column) and 'H NMR spectra on a Varian EM 360 spectrometer (CD2C12 solvent; tetramethylsilane, internal standard). Mass spectra of the aldoximes were run on a Finnigan 4021C GC/MS. Microanalyses were provided by Robertson Laboratories, Florham Park, NJ. Results UV-Visible Absorption Properties. Addition of 0-alkyl aldoximes to an aqueous solution of R U ( N H~)~H~O~+ leads to a color change that is complete within about 30 min. The UV-visible absorption spectra of the reaction solutions containing RON=CHCH3 displayed an absorption maximum at 229 nm, while the solutions derived from the reactions containing RON=CHC6Hs showed an absorption maximum at 376 nm. No spectral intermediates were detected during the course of the reactions. The electronic spectra of 10-4-10-5 M aqueous solutions of the isolated solids displayed peaks corresponding to the analogous pentaammineruthenium-(11)-nitrile compound^.^ The observed spectra were in good agreement with those of the reaction solutions prior to product isolation.
